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SAMPLE STRUCTURE ANALYZING
METHOD, TRANSMISSION ELECTRON
MICROSCOPE, AND
COMPUTER-READABLE NON-TRANSITORY
RECORDING MEDIUM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2013-

122927, filed on Jun. 11, 2013, the entire contents of which
are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a sample
structure analyzing method, a transmission electron micro-
scope, and a computer-readable non-transitory recording
medium.

BACKGROUND

There has been known a technique for applying an electron
beam to a thin film sample by using a transmission electron
microscope, detecting the electron beam which has passed
through the thin film sample to acquire a plurality of electron
images, and comparing contrast between the obtained elec-
tron 1mages to observe the sample structure.

However, for example, even 1f the electron 1mages are
acquired over a crystal grain boundary, a contrast difference
cannot be well observed 1n some cases. In such cases the
technique of judging by the contrast of the transmission elec-
tron 1mage causes problems in the identification of the crystal
grain boundary and the measurement of a shape.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a flowchart showing the general procedure of a
sample structure analyzing method according to Embodi-
ment 1;

FIG. 2 1s a block diagram showing the general configura-
tion of a transmission electron microscope for conducting the
sample structure analyzing method according to Embodi-
ment 1;

FIG. 3 1s a diagram showing an example of diffraction
images obtained from two regions different in crystal orien-
tation:

FIG. 4 1s a schematic diagram 1illustrating diffraction
images obtained from two regions different in material and
crystal orientation;

FIG. 5 1s a flowchart showing the general procedure of a
sample structure analyzing method according to Embodi-
ment 2; and

FIG. 6 1s a diagram 1llustrating the technical meaning of
extreme values calculated by the sample structure analyzing
method according to Embodiment 2.

DETAILED DESCRIPTION

In accordance with an embodiment, a sample structure
analyzing method includes generating a beam and then apply-
ing the beam to a plurality of observation regions on a sample,
and acquiring a plurality of diffraction images from the beam
which has passed through the sample; and comparing the
acquired diffraction images, and judging the difference
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2

between the observation regions from the comparison result,
or identifying the grain boundary of crystal constituting the

sample.

Embodiments will now be explained with reference to the
accompanying drawings. Like components are provided with
like reference signs throughout the drawings and repeated
descriptions thereof are appropriately omitted.

The drawings are attached to 1illustrate the imnvention and
assist 1n the understanding of the illustration. Therefore, the
shapes, dimensions, and ratios in some parts may be different
from those in an actual apparatus, but can be properly
designed and modified by reference to the following expla-
nations and known arts. Although an electron beam 1s
described as an example of a beam 1n the present specifica-
tion, the beam 1s not limited thereto and 1s also applicable to
other charged particle beams such as an 1on beam.

(1) Embodiment 1

A schematic procedure of a sample structure analyzing
method according to Embodiment 1 1s described with refer-
ence to a tlowchart in FIG. 1.

First, an electron beam 1s generated and then applied to a
sample. A transmission electron 1mage 1s acquired from the
transmitted electron beam, and the general structure of the
sample 1s observed (step S1).

A plurality of observation regions are selected as regions of
interest from the observation result 1n step S1 (step S2).

The electron beam 1s then applied to each of the selected
observation regions for each predetermined pitch, and a plu-
rality of diffraction 1mages are acquired (step S3).

The obtained diffraction 1mages are pre-processed for the
subsequent processing. More specifically, multivalued
images are converted to two-value 1mages by two-dimen-
sional filtering such as noise elimination, smoothing, and
sharpening (digitalization).

Feature amounts of each of the digitalized diffraction
images are then extracted (step S5). The feature amounts are
compared between the observation regions, and the degree of
correlation between the diffraction images 1s judged (step
S6).

When the correlation between the observation regions 1s
high, these regions are judged to be regions having the same
crystal, and the judgment result 1s recorded together with
information on the regions (step S7).

On the other hand, when the correlation 1s low, the crystals
are judged to be different in at least one of material and crystal
orientation, and the judgment result 1s recorded together with
information on the regions (step S8).

FIG. 2 15 a block diagram showing the general configura-
tion of a transmission electron microscope for conducting the
sample structure analyzing method according to Embodi-
ment 1. The transmission electron microscope shown in FIG.
2 includes a main unit 110, a control unit 52, an input unit 54,
a monitor 56, a signal processing unit 64, and an 1mage
analyzing unit 72.

The main umt 110 includes an electron gun 112, a con-
densing lens 114, a deflector 132, a sample holder 134, an
actuator 136, an objective lens 116, a limiting field stop 118,
an intermediate lens 120, a projection lens 122, and a fluo-
rescent screen 124. These components are disposed 1n a col-
umn. The main unit 110 1s coupled to an unshown high-
vacuum pump, and 1s used after the column has been
vacuumized.

A sample 10 1s a thin film sample which 1s extracted from
a device to be observed and which 1s produced by fabricating
to such a thickness as to allow the transmission of electro-
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magnetic radiations. The sample 10 1s held on the sample
holder 134 and located between the condensing lens 114 and
the objective lens 116.

The sample holder 134 1s coupled to the actuator 136.
When the actuator 136 operates 1n accordance with a control
signal sent from the control unit 52, the sample holder 134
moves the sample 10 1 an X-Y two-dimensional plane, or
inclines the sample 10 at a given angle of inclination. In the
present embodiment, the actuator 136 corresponds to, for
example, a sample moving unit.

The deflector 132 deflects the electron beam at a given
deflection angle when a control signal 1s sent from the control
unit 52, and the sample 10 1s thereby scanned.

The mput unit 54 1s an interface for an operator to 1nput, to
the control unit 52, various parameters necessary for the
observation of the sample 10, such as optical conditions of the
main unit 110, information regarding the observation region
selected to acquire the diffraction 1image, and threshold data
to judge the degree of correlation between the diffraction
1mages.

The image analyzing unit 72 extracts feature amounts from
the diffraction 1mages respectively acquired 1n the different
observation regions, and then compares the feature amounts
with a predetermined threshold input from the mput unit 54.
The mmage analyzing unit 72 thereby judges whether the
observation regions are made of crystal of the same matenal
and crystal of the same orientation, or identifies a crystal grain
boundary from the difference of the feature amounts. A
memory MR4 1s connected to the image analyzing unit 72.
Data on the judgment result and the 1dentification result are
stored 1n the memory MRA4.

The 1mage analyzing umt 72 1s connected to the monitor
56. The above-mentioned judgment result and 1dentification
result can be displayed by the monitor 56.

In the present embodiment, the image analyzing unit 72
corresponds to, for example, an analyzing unait.

The electron beam emaitted from the electron gun 112 1s
condensed by the condensing lens 114, and detlected by the
deflector 132, and then passes through the sample 10 while
scanning the sample 10. The electron beam which has passed
through the sample 10 enters the fluorescent screen 124 via
the objective lens 116, the limiting field stop 118, the inter-
mediate lens 120, and the projection lens 122. An electron
microscope 1image or a diffraction image of the sample 10 1s
formed on the fluorescent screen 124, and photoelectrically
transformed so that a signal 1s sent to the signal processing,
unit 64.

The signal processing unit 64 1s connected to the control
unit 52. The signal processing unit 64 processes a signal sent
from the fluorescent screen 124 to form an electron micro-
scope image or a diffraction image, and sends the image to the
control unit 52. The control unmit 52 stores the electron micro-
scope 1mage or diffraction image of the sample 10 1 a
memory MR2, and also displays the image on the monitor 56
so that the operator can observe the image.

In the present embodiment, the electron gun 112 and the
condensing lens 114 correspond to, for example, a beam
applying unit. The detlector 132, the actuator 136, the objec-
tive lens 116, the limiting field stop 118, the intermediate lens
120, the projection lens 122, the fluorescent screen 124, the
signal processing unit 64, and the control unit 52 correspond
to, for example, a diffraction 1image acquiring unit.

A more speciiic processing procedure of the sample struc-
ture analyzing method according to Embodiment 1 using the
transmission electron microscope shown in FIG. 2 1s

described with reference to FIG. 3 and FIG. 4.
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First, for the observation of the general structure of the
sample 10, a low-magnification transmission electron image
1s acquired and displayed on the momitor 56. The operator
watches the transmission electron 1image displayed on the
monitor 56, and selects a plurality of observation regions
where a structural analysis should be conducted, and then
inputs, from the mput unit 54, data to specily the selected
observation regions.

A magmfication 1s then set 1 such a manner that the
selected observation regions come mnto view, and a diffraction
image ol each of the observation regions of the sample 10 1s
acquired. More specifically, the control unit 52 supplies a
control signal to the condensing lens 114 to adjust a beam
flux, and also supplies a control signal to the deflector 132 to
adjust an 1rradiation pitch. The actuator 136 moves the sample
10 1n the X-Y two-dimensional plane, and the observation
regions of the sample 10 are scanned with the electron beam
in the meantime. The 1rradiation pitch 1s set 1n accordance
with the size of crystal constituting the sample 10. For
example, a pitch of several nm 1s set.

FIG. 3 1s a schematic diagram showing an example of
selected observation regions, and shows an example of dif-
fraction 1mages acquu'ed from the respectlve observation
regions. Diffraction images DI2 and DI4 i FIG. 3 are
obtained by scanning observation regions AR2 and AR4 with
the electron beam, respectively.

In the schematic diagram of the observation regions shown
in the upper part of FIG. 3, the observation regions AR2 and
AR4 are made of the same material, but have opposite crystal
orientations as indicated by arrows. Therefore, the diffraction
images DI2 and DI4 1n the lower part of FIG. 3 are slightly
different 1n contrast.

To analyze the structure of the sample 10, features of the
diffraction 1mages DI2 and DI4 are extracted by the image
analyzing unit 72. More specifically, a pattern edge of each
diffraction 1mage 1s extracted by, for example, Hough trans-
form, and 1ts geometrical features are extracted. Specific
examples of the geometrical features include, for example,
the distance between characteristic parts in the diffraction
image, the area of each diffraction 1image, barycentric coor-
dinates, and central coordinates.

The image analyzing unit 72 then performs pattern match-
ing between the diflraction images DI2 and DI4, calculates a
matching score (the degree of correspondence) and com-
pares the obtained matching score with a predetermined
threshold. If the matching score 1s more than the predeter-

mined threshold, the degree of correlation between the obser-

vation regions AR2 and AR4 is high, and these observation
regions are judged to be regions having the same crystal
structure. The judgment result 1s displayed on the monitor 56
and stored 1n the memory MR4. On the other hand, if the
matching score 1s equal to or less than the predetermined
threshold, the degree of correlation between the observation
regions AR2 and AR4 1s low, and these observation regions
are judged to be regions having different crystal structures.
Thejudgment result 1s displayed on the monitor 56 and stored
in the memory MR4.

The threshold 1s not limited to a single threshold. For
example, 1t 1s possible to prepare and use a first threshold to
judge whether crystal orientations are the same even 1f the
material 1s the same, and a second threshold to judge whether
materials are different.

FIG. 4 shows a schematic diagram of another example of
selected observation regions, and a schematic diagram of
diffraction 1images obtained from the respective observation

regions. Diffraction images DI12 and DI14 represent images
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obtained by scanning observation regions AR12 and AR14
with the electron beam, respectively.

In the schematic diagram of the observation regions shown
in the upper part of FIG. 4, the observation regions AR12 and
AR14 have opposite crystal orientations as indicated by
arrows, and are made of different materials. As a result, the
diffraction mmages DI12 and DI14 obtained from these
regions are apparently different as schematically shown in the
lower part of FIG. 4. In the case shown in FIG. 4, the degree
of correlation between the observation regions AR12 and
AR14 can be detected by a threshold lower than the threshold
used i FIG. 3.

Thus, the lower threshold 1s first used to classify the obser-
vation regions by whether their constituent materials are the
same or different, and then the higher threshold 1s used. It 1s
thereby possible to classity the observation regions made of
the same material by whether their crystal orientations are the
same or different.

The sample structure analyzing method according to the
present embodiment compares a plurality of diffraction
images acquired from the beam which has passed through the
sample, and judges the difference between the observation
regions from the comparison result. Consequently, it 1s pos-
sible to accurately distinguish parts that have little contrast in
the transmission electron 1mage only; for example, an inter-

face of an amorphous layer, or an interface between heavy
clements.

The transmission electron microscope according to the
present embodiment includes analyzing unit for comparing a
plurality of diffraction images acquired from the beam which
has passed through the sample, and judging the difference
between the observation regions from the comparison result.
Consequently, 1t 1s possible to accurately distinguish parts
that have little contrast in the transmission electron image
only.

(2) Embodiment 2

A schematic procedure of a sample structure analyzing
method according to Embodiment 2 1s described with refer-
ence to a tlowchart 1n FIG. 5.

First, as in Embodiment 1, an electron beam 1s generated
and then applied to a sample. A transmission electron image
1s acquired from the transmitted electron beam, and the gen-
eral structure of the sample 1s observed (step S11).

A plurality of observation regions are then selected from
the observation result 1 step S11 (step S12). In the present
embodiment, there are k (k 1s a natural number equal to or
more than 2) observation regions.

n (n 1s a natural number) 1s set to 1 (step S13), and then the
clectron beam 1s applied to the observation region 1 (n=1) 1n
the form of a line or a dot pattern. A diffraction image n (n=1)
1s acquired and recorded (step S14). The obtained diffraction
image n has positional information and luminance informa-
tion for each pixel. Thus, 1 the luminance information 1s
considered as a value on a Z-axis, the diffraction 1image can be
represented by (X, Y, luminance) three-dimensional coordi-
nates.

n 1s then increased to n=n+1 (step S15), and the electron
beam 1s applied to an observation region 2 (n=2) adjacent to
the observation region 1 in the form of a line or a dot pattern,
and then a diffraction image 2 (n=2) 1s acquired and recorded
(step S16).

When the diffraction images 1 and 2 are acquired, the
difference of luminance between the diffraction images 1 and
2 1s calculated and recorded (step S17).
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As described above, the diffraction 1mages are acquired
from the respective neighboring observation regions, and
then the difference of luminance therebetween 1s calculated
and recorded. This procedure 1s repeated to the last observa-
tion region, that 1s, until n=k (steps S18 and S19, steps S16

and S17).

When the luminance differences between the diffraction
images are calculated for all the observation regions (YES 1n
step S18), the recorded luminance difference 1s ditferentiated
by a luminance value to find extreme values. If the obtained
extreme values are connected, a series of coordinates of the

connected extreme values will be a locus of a crystal grain
boundary (step S20).

Finally, the sample 10 1s scanned while the electron beam
1s being deflected 1n such a manner that the locus of the crystal
grain boundary will be the center of each scan line. A trans-
mission electron i1mage of the crystal grain boundary 1s
thereby acquired (step S21).

A more specific processing procedure of the sample struc-
ture analyzing method according to Embodiment 2 1s more
specifically described. In the present embodiment as well, the
transmission electron microscope shown in FIG. 2 can be
used to analyze the sample structure.

First, as in Embodiment 1 described above, for the obser-
vation of the general structure of the sample 10, a low-mag-
nification transmission electron 1mage 1s acquired, and dis-
played on the monitor 56. The operator watches the
transmission electron image displayed on the monitor 56, and
selects a plurality of observation regions where a structural
analysis should be conducted, and then inputs, from the mnput
unit 54, data to specity the selected observation regions.

A magnification 1s then set by the control unit 52 1n such a
manner that the selected observation regions come 1nto view.
A control signal 1s sent to the main unit 110, and a diffraction
image n (n=1 to k) of each of the observation regions of the
sample 10 1s obtained accordingly. Whenever the diffraction
image 1s acquired, 1ts 1image data 1s stored in the memory
MR2.

The image data regarding the diffraction image n (n=1 to k)
1s sent to the image analyzing unit 72 via the control unit 52,
and 1s transformed into three-dimensional coordinate data (X,
Y, luminance). The difference of luminance between the dii-
fraction 1mages 1s then calculated, and stored 1n the memory
MR4

When diffraction 1mages n are then acquired for all the
observation regions (n=k) and all the luminance differences
between these difiraction images are calculated, extreme val-
ues of the luminance difference are found by the 1mage ana-
lyzing unit 72. Then the coordinates of the pixels that provide
the obtained extreme values are connected, displayed on the
monitor 56 as a locus of a crystal grain boundary, and stored
in the memory MR4.

FIG. 6 1s a diagram schematically showing how the
extreme values of the luminance difference are found. A
rectangular region RT 1n the upper part schematically repre-
sents data regarding the luminance difference between the
diffraction images. In FIG. 6 the data are recorded from lett to
right. An arrow 1n the drawing represents the calculation to
find the extreme values of the luminance difference. A bound-
ary BD between data regions RTa and RTb corresponds to one
extreme value. This boundary BD corresponds to, for
example, a crystal grain boundary CI (12, 14) between the
regions AR12 and AR14 1n FIG. 4.

Thus, according to the present embodiment, the luminance
difference between the diffraction images 1s differentiated to
find extreme values, and the coordinates of the pixels that
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provide the obtained extreme values are connected. There-
fore, a locus of a crystal grain boundary can be rapidly found

by calculation processing.

When the locus of the crystal grain boundary 1dentified by
the process described above 1s used to scan the sample 10 with
the electron beam in such a manner that the locus of the
crystal grain boundary will be the center of each scan line, a
transmission electron image of the crystal grain boundary can
be acquired. This 1s possible if, for example, a locus of a
crystal grain boundary 1s extracted from the memory MR4 by
the control unit 52 of the transmission electron microscope
shown 1n FIG. 2 and a control signal 1s generated and sent to
the detlector 132 and the actuator 136.

The sample structure analyzing method according to at
least one of the embodiments described above has the steps of
comparing a plurality of diffraction images acquired from a
beam which has passed through a sample, and judging the
difference between the observation regions from the compari-
son result, or identifying the grain boundary of crystal con-
stituting the sample. Consequently, 1t 1s possible to accurately
distinguish crystal grain faces that would be difficult to dis-
tinguish by contrast comparison between images, and 1t 1s
also possible to find a locus of a crystal grain boundary.

The transmission electron microscope according to at least
one of the embodiments described above has analyzing unit
for comparing a plurality of diffraction images acquired from
a beam which has passed through a sample, and judging the
difference between the observation regions from the compari-
son result, or identifying the grain boundary of crystal con-
stituting the sample. Consequently, 1t 1s possible to accurately
distinguish crystal grain faces which would be difficult to
distinguish by contrast comparison between images, and 1t 1s
also possible to find a locus of a crystal grain boundary.

(3) Program

A series of procedures in the sample structure analysis
described above may be incorporated in a program, and read
into and executed by a computer. This enables a series of
procedures 1n the sample structure analysis according to
Embodiments 1 and 2 to be carried out by use of a general-
purpose computer connected to the main unit of the transmis-
sion electron microscope. A series of procedures of the
sample structure analysis described above may be stored 1n a
recording medium such as a flexible disk or a CD-ROM as a
program to be executed by the computer connected to the
main unit of the transmission electron microscope, and read
into and executed by the computer.

The recording medium 1s not limited to a portable medium
such as a magnetic disk or an optical disk, and may be a fixed
recording medium such as a hard disk drive or amemory. The
program incorporating the series of procedures of the sample
structure analysis described above may be distributed via a
communication line (including wireless communication)
such as the Internet. Moreover, the program incorporating the
series ol procedures of the sample structure analysis
described above may be distributed in an encrypted, modu-
lated or compressed state via a wired line or a wireless line
such as the Internet or 1n a manner stored i a recording
medium.

The program according to at least one of the embodiments
described above has the procedure for comparing a plurality
of diffraction images acquired from a beam which has passed
through a sample, and judging the difference between the
observation regions from the comparison result, or identity-
ing the grain boundary of crystal constituting the sample.
Consequently, 1t 1s possible to accurately distinguish crystal
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grain boundaries and regions which would be di
distinguish by contrast comparison between images.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the iventions.

For example, the scanning transmission electron micro-
scope (STEM) capable of scanning with the electron beam 1s
shown 1n the embodiments described above, but the present
invention 1s not limited thereto. For example, the sample
analyzing method according to the embodiments described
above can also be conducted by use of a transmission electron
microscope (IEM) which includes a sample moving mecha-
nism such as the actuator 136 shown in FIG. 2.

Indeed, the novel methods and systems described herein
may be embodied 1n a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the methods and systems described herein may be made with-
out departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the mventions.

The mnvention claimed 1s:

1. A sample structure analyzing method comprising;:

generating a beam and then applying the beam to a plurality

of observation regions on a sample, and acquiring a
plurality of diffraction images from the beam which has
passed through the sample; and

comparing the acquired diffraction images, and judging the

difference between the observation regions from the
comparison result, or identitying the grain boundary of
crystal constituting the sample.

2. The method of claim 1,

wherein the difference between the observation regions 1s

judged by extracting feature amounts of each of the
diffraction 1mages, and comparing the feature amounts
between the diffraction images by use of a predeter-

mined threshold.

3. The method of claim 2,

wherein extracting the feature amounts comprises extract-
ing a pattern edge of each diffraction image, and

comparing the feature amounts comprises performing pat-
tern matching between the diffraction 1mages to calcu-
late a matching score, and comparing obtained matching,
score with the threshold.

4. The method of claim 3,

wherein when the matching score 1s more than the thresh-
old, judgment 1s made that the correlation between the
diffraction 1images 1s high, and that the corresponding
observation regions are regions ol the same crystal, and

wherein when the matching score 1s equal to or less than the
threshold, judgment 1s made that the correlation
between the diffraction images 1s low, and that the cor-
responding observation regions are regions of crystal
different 1n at least one of material and crystal orienta-
tion.

5. The method of claim 2,

wherein the threshold comprises

a first threshold to judge whether materials are the same
and whether crystal orientations are the same, and

a second threshold to judge whether matenals are different.

6. The method of claim 1,

wherein the diffraction images are composed of pixels
comprising luminance information, and

identifying the crystal grain boundary comprises

finding the difference of luminance value between the dif-
fraction 1images, and differentiating obtained luminance
difference to obtain extreme values, and
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obtaining a locus of the crystal grain boundary from the
extreme values.

7. The method of claim 6, further comprising;

scanning the sample with the beam 1n such a manner that
scanning areca comprises the locus of the crystal grain
boundary, and thereby acquiring a transmission electron
image of the crystal grain boundary.

8. The method of claim 1, further comprising;

generating a beam and then applying the beam to a sample,
and acquiring a transmission electron 1mage from the
beam which has passed through the sample,

wherein the observation regions are selected in accordance
with obtained transmission electron image.

9. The method of claim 1,

wherein the diffraction 1mages are acquired by scanning
the sample with the beam.

10. The method of claim 1,

wherein the beam 1s applied for each pitch which corre-
sponds to a size of crystal constituting the sample.

11. A transmission electron microscope comprising:

a beam applying unit configured to generate a beam and
apply the beam to a sample;

a diffraction 1image acquiring unit configured to acquire a
diffraction image from each of a plurality of observation
regions of the sample from the beam which has passed
through the sample; and

an analyzing unit configured to compare the acquired dif-
fraction images, and judge difference between the obser-
vation regions from the comparison result, or identify
the grain boundary of crystal constituting the sample.
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12. The microscope of claim 11,

wherein the analyzing unit judges the difference between
the observation regions by extracting feature amounts of
cach of the diffraction images, and by comparing the
feature amounts between the diffraction images by use
of a predetermined threshold.

13. The microscope of claim 11,

wherein the diffraction images are composed of pixels
comprising luminance information, and

the analyzing unit 1identifies the crystal grain boundary by
finding the difference of luminance value between the
diffraction 1mages, differentiating obtained luminance
difference to find extreme values, and obtaining a locus
of the crystal grain boundary from the extreme values.

14. The microscope of claim 11, further comprising;:

a beam deflecting unit configured to deflect the beam to
scan the sample.

15. The microscope of claim 11, further comprising:

a sample moving unit configured to move the sample to
scan the sample with the beam.

16. A computer-readable non-transitory recording medium

containing a program which causes a computer controlling a
transmission electron microscope to execute a sample struc-
ture analysis, the sample structure analysis comprising:

generating a beam and then applying the beam to a plurality
of observation regions on a sample, and acquiring a
plurality of diffraction images from the beam which has
passed through the sample; and

comparing the acquired difiraction images, and judging the
difference between the observation regions from the
comparison result, or identitying the grain boundary of
crystal constituting the sample.
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